In the course of our phytochemical studies on the rhizomes of Polygonatum kingianum, we had previously reported five pairs of 25R and 25S stereoisomeric furostanol saponins from the rhizomes of Polygonatum kingianum.
In the course of our phytochemical studies on the rhizomes of Polygonatum kingianum, we had previously reported five pairs of 25R and 25S stereoisomeric furostanol saponins from the rhizomes of Polygonatum kingianum. 1) A further study led to the isolation of three new steroidal saponins (25R)-kingianoside G (1), (25S)-pratioside D 1 (2b) and (25S)-kingianoside A (3b), along with four known compounds pratioside D 1 (2a), 2) kingianoside A (3a), 3) disporopsin (4) 4) and daucosterol (5). 5) Compounds 2a and 5 were reported for the first time from the rhizomes of Polygonatum kingianum. This paper describes the structural elucidation of the new saponins on the basis of extensive spectral analysis, including 2D NMR spectral data and chemical evidences.
Results and Discussion
The crude saponin fraction of Polygonatum kingianum was fractionated by a combination of macroporous resin, silicagel and octa decil silica (ODS) silica-gel column chromatography and semi-preparative HPLC to afford compounds 1-5. Compounds 2a, 3a, 4 and 5 were identified as pratioside D 1 , 2) kingianoside A, 3) disporopsin 4) and daucosterol, 5) by comparison of their NMR spectral data with those in the literatures.
Compound 1 was obtained as a white amorphous powder. It gave positive Liebermann-Burchard and negative Ehrlich reagent tests, which suggested that 1 was a spirostanol saponin. The molecular formula was determined as C 45 , heteronuclear single quantum correlation (HSQC) and heteronuclear multiple bond correlation (HMBC) spectra identified all the proton and carbon signals arising from the F-ring part and gave unequivocal evidence that the location of the one hydroxyl group was at C-23 position. In the HMBC spectrum of 1 (Fig. 1) , the correlations between the carbon signals d 67.4 (C-23) and d 1.78 (H-24) and 3.00 (H-20) were confirmed the location of the one hydroxyl group at C-23. Furthermore, in the HMBC spectrum, the anomeric proton signals at d 4.87 (H-1 of the galactose), 5.12 (H-1 of the glucose) and 5.21 (H-1Ј of the glucose) showed correlations with the carbon signals at d 77.7 (C-3), 81.0 (C-4 of the galactose) and 86.1 (C-2 of the glucose), respectively. The 1 H-and 13 C-NMR data for the F-ring of 1 was identical with those of agamenoside A, 9) indicating that 1 had the same 23S and 25R configurations as agamenoside A. Thus, the structure of 1 was determined to be (23S,25R)-spirostan-5-en-3b,23-dihy- 3 , 25S), which suggested 2 may be contained C-25R and C-25S isomers (2a, 2b). Compound 3 was obtained as a white amorphous powder, and gave positive Liebermann-Burchard and negative Ehrlich reagent tests, which suggested that 3 was a spirostanol saponin. Its molecular formula was assigned as C 39 ϩ attribute to the sequential loss of two hexose residues, respectively. Analysis of the 13 C-NMR: see Table 2 .
Three New Saponins from the Fresh Rhizomes of Polygonatum kingianum
Acid Hydrolysis of Compound 1 Compound 1 (about 2.0 mg) was treated in 1 M HCl (dioxane-H 2 O, 1 : 1, 2 ml) at 100°C for 1.5 h. The reaction mixture was neutralized with silver carbonate and the solvent thoroughly driven out under N 2 gas overnight. The residue was extracted with CHCl 3 and H 2 O. Then, in monosaccharide mixture, glucose and galactose were detected by TLC analysis on a cellulose plate using n-BuOHEtOAc-C 5 galactose (Rf 0.39). Furthermore, the sugar residue in pyridine (1 ml) was added to L-cysteine methyl ester hydrochloride (3.0 mg) and kept at 60°C for 1 h. Then HMDS-TMCS (hexamethyldisilazane-trimethylchlorosilane) (0.6 ml) was added to the reaction mixture and kept at again 60°C for 0.5 h.
15) The supernatant (1.0 ml) was analyzed by GC under the following conditions: Agilent Technologies 6890 gas chromatograph was the equipment carrying H 2 flame ionization detector and HP-5 capillary column (30 mϫ0.25 mmϫ0.25 mm). The conditions as followings: column temperature: 180°C/250°C; programmed increase, 15°C/min; carrier gas: N 2 (1 ml/ min); injection and detector temperature: 250°C; injection volume: 4.0 ml, 
